Pituitary Adenomas

Paolo Cappabianca, Chiara Caggiano, Domenico Solari,
Karol Migliorati, Waleed A. Azab, Elia Guadagno,
Marialaura Del Basso De Caro, Emmanuel Jouanneau,
and Luigi M. Cavallo

Abbreviations

ACTH  Adrenocorticotropin

ASA American Society of Anesthesiologists
AVP Arginine vasopressin

CAD Coronary artery disease
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FSH Follicle-stimulating hormone

GH Growth hormone
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IHD Ischemic heart disease

LH Luteinizing hormone

NFPA Non-functioning pituitary adenoma
PA Pituitary adenoma
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PRL Prolactin

SIADH  Syndrome of inappropriate antidiuretic hormone
STR Subtotal removal

TSH Thyroid-stimulating hormone

VDF Visual field deficit

9.1 Introduction

Pituitary adenomas (PA) are histological benign tumours of the adenohypophysis,
representing the third most frequent intracranial neoplasia [1], with equal distribu-
tion in children, adults and elderly patients. These lesions can be identified as func-
tioning or non-functioning adenomas according to the secretion of one or more
pituitary hormones by the tumour mass. Diagnosis is easily ruled out in the cases of
secreting lesions, upon the clinical features of hypersecretion that define a specific
phenotypic syndrome, such as Cushing disease or acromegaly; conversely, in cases
of non-functioning tumours, lesions are diagnosed when symptoms due to the mass
effect, i.e. visual defects and/or oculomotor palsy, become evident. Finally, it should
not be underestimated that a certain percentage of patients remain totally asymp-
tomatic, receiving though accidental diagnosis.

The frequency of different subtypes of PA differs among age groups: the most
common PAs in early childhood are ACTH-secreting; prolactinomas are the most
encountered during the second, third and fourth decades of life, while after the age
of 40 years, the most frequent are the non-functioning pituitary adenomas (NFPAs).

Nowadays, the average life can exceed 75 years in the developed countries and may
increase in the future decades, with the threshold of elderly being considered 65 years.
The incidence of PAs in this group of patients, i.e. the elderly, ranges between 7 and 9.9 %
[12]: it is actually increasing, mostly due to the expanding number of elderly among
population and to the increasing use of “secondary line” diagnostic tools, namely, the
MRI for other neurological diseases, such as senile dementia, Alzheimer disease, cere-
bral transient ischemic attack, stroke, etc. [20]. As a matter of fact, non-functioning
tumours represent the 70-80 % of all PAs in the elderly [2, 12, 17, 24, 26] and the main
presenting symptoms are visual defects [12, 22, 31]. Otherwise, the most common func-
tioning lesions in these patients are GH-secreting (14 %) and ACTH-secreting (4 %) [12].

9.2 Clinical Features

PAs in elderly are mainly represented by NFPAs, so that the most common symp-
toms observed at diagnosis are related to the mass effect: headache (29-43 %),
visual field defects (VFD) and/or visual acuity loss (40—87 %) due to the compres-
sion of the optic chiasm and pathways and/or hypopituitarism (50-60 %) [20].
These clinical signs are often misdiagnosed, considering the presence of the differ-
ent co-morbidities the elderly patients complain of.

In Table 9.1 the clinical features of elderly patients with PA as reported in litera-
ture are summarized. Other clinical presentations include pituitary intralesional
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haemorrhage/apoplexy (11-30 %) and/or ophthalmoplegia (3—10 %). Pituitary apo-
plexy occurs often in large adenomas and it results common in elderly as related to
their co-morbidities, such as hypertension and coronary heart diseases, which are
predisposing factors [20].

Visual deficit is the primary symptom in the majority of the published trials: dif-
ferent patterns of VFD have been described in patients with PA, in regard to the
relationships between the tumour and the optic pathway. The most common VFD,
also in the elderly patients with PA, is bitemporal hemianopia: the defect may be
complete, involving the whole temporal field, or partial, usually affecting the supe-
rior quadrant. Anterior lesions, impinging pre-chiasmatic nerve, can cause central
scotomas, while posterior lesions involving the optic tract can provide homonymous
hemianopia. Despite several studies confirm that bitemporal hemianopia is the most
prevalent VFD in elderly patients complaining of non-functioning tumours, it is quite
common that this defect goes misdiagnosed [23]. Retinal degeneration, cataracts and
amblyopia are common visual disturbances in the elderly: therefore, visual distur-
bances related to compression of optic pathways caused by the NFPA may be ini-
tially attributed to other age-related visual conditions and/or be unrecognized [6, 14].

Although clinical manifestations of hypopituitarism are not clearly evident,
blood tests reveal in most cases pituitary function partial or complete hormonal
failures. The majority of the studies show that most of the affected pituitary axes are
the gonadic, with low LH/FSH levels in about 60 % of the cases, as well as the
somatotrophic, with low IGF-1 levels in 50 % of the cases [7, 17]. On the other
hand, the adrenocorticotrophic and thyrotrophic axes were deficient in about,
respectively, 27 % and 23 % of the cases [7, 14, 31].

9.3  Preoperative Considerations
Preoperative evaluation must consider three main aspects:

e The type and size of PA
* The eventual patient co-morbidities
e The ASA (American Society of Anesthesiologists) score

As already mentioned, PAs in elderly are mostly NFPAs [14, 19, 20, 24, 31]
generally large, but do not present more aggressive features as compared to those
occurring in the younger patients [15, 20]: decrease of cell proliferation rate has
been observed in adenomas, especially NFPA and GH-secreting tumours [15] of the
elderly.

The main characteristics, i.e. tumour size, localization and type of adenomas, are
summarized in Table 9.2.

The incidence of associated co-morbidities is highly variable (ranging from 17 to
90 %) with cardiovascular diseases being the most frequent, followed by respiratory
diseases, diabetes mellitus and neurological disorders [21]. Most of these patients
receive long-standing treatment with cardiological drugs, such as antihypertensive or
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Table 9.2 Main tumour characteristics of PA in elderly patients
Study Location Size Type
Fraioli (1999) Intrasellar 9 % <l cm9% NF 72,7 %
Intra-suprasellar 81,8 % >1 cm 91 % PRL 9%
GH 9%
ACTH 9%
Hong (2008) [14] - 1-2cm 6.8% NF 72.8%
2-3 cm 49.5% GH 9.7 %
34cm359% PRL 15.5%
>4 cm7.8% ACTH 1.9%
Locatelli (2010) - >1 cm 90.6 % NF 72 %
>1cm9.4% GH 9.4 %
ACTHI18.6
Zhan (2015) [32] Intrasellar 15.8 % >1 cm 84.2% NF 100 %
Intra-suprasellar 40.5 % <lcm 15.8%
Parasellar 18.4 %
Supra-parasellar 25.3 %
Gondim (2015) [12] | Knosp 2 5.4 % - NF 78.5%
Knosp 3 9% GH 14.2%
Knosp 4 14.5% PRL 2.8 %
ACTH 4.2 %
Liu (2015) [20] - >1cm85.5% NF 75.4 %
>4 cm 14.5% GH 5.8%
ACTH 10.1 %
Plurihormonal 5.8 %
Apoplexy 2.9 %

antiarrhythmic agents, and a conspicuous number of patients in this group (59.4 %)
complain of more than two co-morbidities: these factors can determine a longer pre-
operative hospitalization. Besides, endocrine and metabolic disorders, including sig-
nificant changes in the hypothalamo-pituitary axis and pancreatic and thyroid
malfunctioning, should be taken into account [18]; approximately 40 % of individu-
als between 65 and 74 years and ca. 50 % of individuals older than 80 years present
impaired glucose tolerance or diabetes mellitus, often undiagnosed [16] (Table 9.3).

For these reasons, the preoperative clinical status of elderly patients with PA is
commonly defined with ASA score of three or even four (Table 9.4), although there
is no significant difference in terms of mortality (p 0.12) between young and elderly
patients.

Owing that, surgery for the removal of a pituitary adenoma in an elderly can be
indicated when patients present clear symptoms related to the adenoma, without
severe co-morbidities that increase too much the overall risks of surgery.

It is preferable to choose a surgical approach as minimal invasive as possible,
according to the localization and the inner features of the lesion. Nowadays, the endo-
scopic endonasal transsphenoidal approach represents a good option for the surgical
treatment of pituitary adenomas in the elderly, because of its effectiveness in terms of
tumoral removal, the excellent surgical outcomes in terms of visual outcome, its mini-
mal invasiveness and the lower rates of morbidity and mortality related to the approach.
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Table 9.3 Main
co-morbidity in elderly
patients with PA

Study

Co-morbidity

Hong (2008) [14]

Hypertension 33.9 %

Cardiac disease 1.9 %

Respiratory disease 23.3 %

Hyperglycaemia 41.7 %

Shechan (2008) [26]

Hypertension 26.9 %

Cardiac disease 21.4 %

Respiratory disease 8.3 %

Coexisting malignancy 8.3 %

Locatelli (2013) [21]

Cardiac disease 86 %

Respiratory disease 60.5 %

Diabetes mellitus 18.6 %

Neurological disease 11.6 %

Pereira (2014)

Hypertension 61.2 %

Cardiac disease 10.7 %

Hypercholesterolaemia 15.7 %

Coexisting malignancy 13.7 %

Diabetes mellitus 13 %

Arthrosis 10.7 %

Table 9.4 Main complications after endoscopic endonasal transsphenoidal surgery

Authors

General complications

Specific complications

Turner (1999) [31]

Myocardial infarction 1.2 %
Chest infection 1.2 %

Small gastrointestinal bleed 1.2 %
Meningitis 1.2%

Transient DI 2.38 %
Permanent DI 4.76 %
Deterioration of visual function 5.9 %

Hong (2008) [14] None Transient DI 37.9 %
CSF leak 4.9 %
Deterioration of visual function 9.7 %
Postoperative hypopituitarism 10.7 %
Sheehan (2008) None DI3.12%
[26] Hypocortisolism 1.5 %
Hypothyroidism 4.7 %
Grossman (2010) Death 3.75 % Fluid or electrolyte abnormality
[13] Pulmonary complications 14.32%
3.50% CSF rhinorrhea 5.38 %
Stroke 2.52 % DI 1.15%
Panhypopituitarism 0.5 %
Zhan (2015) [32] None DI222%

CSF leak 3.8 %
New hypopituitarism 9.5 %
Meningitis 1.9 %

Liu (2015) [20]

Severe systemic complications
(Clavien Classification >1V)
4.3 %

DI 11.6%
CSF leak 1.4 %
Panhypopituitarism 4.3 %

Gondim (2015)
[12]

Refractory hypertension
(7.2%)
Myocardial ischaemia (1.8 %)

CSF leaks (9 %),
DI (3.6 %)
Hypopituitarism 12.7 %
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9.4  Surgical Technique and Outcome

Surgery yields the best outcomes when performed in dedicated centres, and it’s
targeted to achieve multiple goals, such as elimination of mass effect, restoration of
normal pituitary function and/or visual acuity, prevention of tumour recurrence and
normalization of excess of hormone secretion.

After general anaesthesia and orotracheal intubation, the patient is positioned
supine with the head at 0° and rotated 10° to the surgeon. Disinfection with povi-
done-iodine into the nasal cavities and on the nasal skin is performed. Then eight
cottonoids drenched of a solution with 2 ml of adrenaline 0.5 % and 5 ml of lido-
caine are introduced into the nasal cavities and the draping is performed. In patients
with history of ischemic heart disease (IHD) or coronary artery disease (CAD), we
prefer to not use adrenaline in such solution for nasal decongestion. The technique
consists in three parts: nasal, sphenoidal and sellar step [3, 4, 8, 28, 29].

e Nasal step
We generally use a 0° angled lens, 4 mm in diameter endoscope, that is inserted
in the right and then in the left nostril, between the nasal septum medially and the
middle turbinate laterally. The cottons are then removed to promote the anti-
bleeding effect, avoiding the nasal mucosa ischaemia, and the middle turbinate is
carefully lateralized to increase the surgical corridor. Usually, in elderly patients
the nasal mucosa and its vascular network appear hypotrophic, so that the nasal
cavities are easily explored with the endoscope. Once the nasal choana is reached,
the endoscope is pushed up for about 1.5-2 cm to identify the sphenoethmoid
recess and the ostium of the sphenoid sinus.

e Sphenoidal step
Once the mucosa is coagulated, the sphenoethmoid recess is opened and the
posterior part of nasal septum is removed to expose the cavity of sphenoid sinus.
The sphenoid mucosa is extensively removed to avoid postoperative sphenoid
mucocele. After removal of eventual septa inside the sinus, several important
anatomical landmarks are visible: at the centre the protuberance of the sellar
floor, laterally the carotid protuberances, above the planum and below the clivus;
above the carotid protuberance, there is the optic protuberance and between them
the opto-carotid recess that corresponds to the anterior clinoid.

e Sellar step
We generally perform this phase with four hands-two surgeons technique. The
sellar opening is performed by microdrilling and can be extended up to the clivus
below or the planum above, depending on the extension of the adenoma. The
dural incision is performed in a cruciate fashioned at the midline. The adenoma
is frequently soft and can be removed by suction and curetting, starting from the
inferior and lateral parts, to retard the descent of the suprasellar cistern. After
tumour removal, the osteodural defect is repaired depending to the opening
entity and the presence of intraoperative CSF leak. In case of large macroadeno-
mas, the bone exposure can involve the planum sphenoidale. In these cases the
subarachnoid space is intentionally violated, and, because the surgery is per-
formed through the basal cisterns, intraoperative CSF leakage occurs. However,
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the goal of the reconstruction is a watertight closure of the skull base defect, to
avoid postoperative CSF leak and infective complications.

It should be minded that in elderly patients, it is preferable to avoid opening of
the suprasellar cistern, while accepting the risk of an incomplete tumour
removal. This choice mostly relies on the fact that on one side the osteodural
defect could be troublesome and take longer, but on the other the tumour growth
is extremely slow.

9.5 Postoperative Management

All the patients, regardless the age, are generally mobilized on the same day of
surgery.

The visual field deficits usually improve and/or are fully recovered, even if the
defects were lasting for more than 6 months [20, 21]. Conversely, endocrine func-
tions, above all in patients with preoperative hypopituitarism, do not change, maybe
for a limited pituitary functional reserve in the elderly population [12, 20, 24].

The mean postoperative hospitalization stay is not different between elderly and
young patients [12, 21].

Zhan et al. reported a total resection in 75.9 % of patients, subtotal resection in
22.8% and a partial resection in 1.3 %, after pure endoscopic transsphenoidal sur-
gery, with no significant difference compared to the younger group of control [32].
Also Gondim et al. in their series of elderly patients didn’t find significant differ-
ence between the extent of resection obtained in elderly and young patients [12].

Postoperative fractionated radiotherapy is frequently administered to patients
with residual or recurrent pituitary disease, but it is not recommended after surgery
in elderly patients, considering the slow tumour growth rate, the low incidence of
recurrences following total or subtotal resection and the shorter expectancy of life
in this category of patients [30].

The use of adjuvant radiotherapy may be considered only in patients with large
residual tumour that are unresponsive to medical treatment, although no consensus
guidelines are available [22]. Chang et al. indeed recommend the use of adjuvant
radiotherapy only in case of subtotal removal (STR), especially if the cavernous
sinus is invaded, while not in case of gross total removal (GTR), due to the increased
risk of death [5].

9.6 Complications
9.6.1 Maedical Complications

Cardiopulmonary and vascular diseases, thromboembolic events, postoperative
pneumonia, sepsis, stress ulcer bleeding, stroke and death represent the main
dreaded postsurgical complications, when an elderly patient is submitted to a surgi-
cal procedure for the removal of a pituitary adenoma.
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As previously reported, elderly patients have a higher rate of co-morbidities and
are prone to develop systemic complications, so that incidence rates of complica-
tions are not claimed univocal.

Locatelli et al. reported the absence of major surgical complications, although
about 70 % of patients had moderate or severe risk according to ASA class — this
series accounts on 11 % of patients belonging to ASA score categories 4 and 5 [21].

Contrariwise, Gondim et al. reported a rate of systemic complications of 32.7 %
in elderly group versus 10 % in younger patients, being this difference statistically
significant (p<0.05). In this study, the higher rate of complications in elderly was
referred to the postoperative high blood pressure peaks and subclinical pituitary
apoplexy that occurs more frequently in elderly people; however, no significant
mortality rate difference was observed between the two groups [12].

9.6.2 Approach-Related Complications

Potential complications of the endoscopic endonasal surgery include diabetes insip-
idus (DI) (11.6 %), postoperative hypopituitarism (22 %), cerebrospinal fluid (CSF)
leak (5-16 %), meningitis (5.5 %), visual impairment (1.5 %), syndrome of inap-
propriate antidiuretic hormone (SIADH) secretion (8.5-25 %), haemorrhage (5 %),
carotid artery injury (<1 %), ischemic stroke (2 %) and epistaxis (4.8 %) [12, 20]
(Table 9.4).

Concerning endocrinological complications, postoperative DI results the most
common: it can be transient, permanent or triphasic. Transient DI (30 % of patients)
has its onset at 24—48 h post-op and it is usually resolved in 3—5 days. Permanent DI
(10 % of cases) can be seen in patients in whom there is a direct damage to the pitu-
itary stalk, hypothalamus and/or proximal infundibulum. The triphasic DI is
extremely rare, with a first phase like transient DI and a second similar to STADH,
and finally it develops permanent DI. Untreated DI can cause or worsen hyperna-
traemia and serum hyperosmolality, potentially leading to dehydration, lethargy,
irritability and, in the case of severe hypernatraemia, seizures [9, 25]. On the other
side, as reported by Liu et al., there is no significant difference of postsurgical hypo-
pituitarism rates between old and young patients [20].

Finally, notwithstanding recent advancements of the techniques and materials,
CSF leak remains a frequent complication of this kind of surgery, also in elderly
patients [11-13, 17]. It should be said though that intraoperative CSF fistula is the
only significant predictive factor of postoperative leakage [10]: this complication is
usually rare during removal manoeuvres of infradiaphragmatic lesions, whereas its
risk raises when dealing with lesions that have breached the diaphragm. In these
latter cases, an accurate reconstruction is mandatory of the osteodural defect [27].

Conclusion

Surgery in the elderly group is recommended for pituitary tumours causing neu-
rological deficits — above all visual — and endocrinological syndrome, eventually
resistant to pharmacological treatment. The endoscopic endonasal approach is
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the gold standard because of its safeness and efficacy. No mortality or major
complications are observed, even in patients with elevated ASA scoring class;
multiple co-morbidities, however, should be taken into account preoperatively, to
achieve a long-term successful outcome and avoid threatening morbidities
related to the surgery and to the approach itself. An adequate preoperative plan-
ning, careful surgical technique and rigorous postoperative care can reduce mor-
tality and morbidity rates in this high-risk patient group.
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